In 1979 all former workers from the Wittenoom asbestos industry who could be traced to an address were sent a questionnaire to determine smoking history. Occupational exposure to crocidolite was known from employment records. Of 2928 questionnaires sent, satisfactory replies were received from 2400 men and 149 women. Eighty per cent of these had smoked at some time and 50% were still smoking. Since that time 40 cases oflung cancer and 66 cases of compensatable asbestosis have occurred in this cohort. The incidence of both lung cancer and asbestosis was greatest in those subjects with the highest levels of exposure to crocidolite and in ex-smokers.
expected mortality from alcohol related diseases and other smoking related diseases has also been recorded as well as excesss mortality from tuberculosis, attributed to the migrant state of the workers.'
Cigarette smoking and exposure to one or other form of asbestos are both known to cause lung cancer and most evidence suggests that their effects are multiplicative in its production.45 This is to be expected because smoking and asbestos probably act at different stages in the process of carcinogenesis. 6 The combined effects of smoking and exposure to crocidolite alone on risk of lung cancer have not previously been shown prospectively except by Baker7 in an earlier study on the Wittenoom workers. That study used only rough groupings of worksite to estimate exposure to crocidolite and was restricted to cases of lung cancer arising in Western Australia.
It has long been known that diffuse interstitial pulmonary fibrosis can be caused by asbestos and that the occurrence of this disease and its severity have declined consistently since the introduction of dust suppression methods throughout industries in which asbestos has been used. 8 Although asbestosis does not occur in the unexposed general population, radiographic abnormalities consistent with asbestosis have been found in 10% or more of members of the families of amosite factory workers and shipyard workers910 and 5% to 30% of occupational cohorts mostly exposed to mixtures of types of asbestos." 12 Definite exposure reponse relations between both level and duration of exposure to asbestos and presence of definite radiographic abnormalities have been shown by many authors,"'4 and similar relations exist for mortality from asbestosis. Many, but not all, studies'5 have also shown that smoking increases the prevalence ofabnormal findings on x ray films in populations of asbestos workers,"*20 that smoking may increase the rate of progression of parenchymal asbestosis,'921 and that prevalence of abnormal radiographs is also related to age."" '7 One longitudinal study has also shown independent effects of cumulative exposure, smoking habit, and age on the incidence of abnormality.22
The Wittenoom cohort provides a unique opportunity to study these exposure response relations for subjects exposed almost exclusively to crocidolite.
Previous studies on the Wittenoom cohort have shown positive effects of cumulative exposure on the prevalence23 and the severity of radiographic asbestosis,4 on mortality from asbestosis,'3 and on the rate of progression of established asbestosis. 25 The aim of this study was to examine the separate and combined effects of smoking and exposure to crocidolite on the incidence of lung cancer and asbestosis in workers exposed only to crocidolite. all subjects from the cohort who were not known to have developed asbestosis, lung cancer, or malignant mesothelioma by the year of diagnosis of the case, who were the same age (exact year), and who were known to be alive in the year of the case's diagnosis of asbestosis or lung cancer. Thus subjects could be controls for more than one case and some cases could be controls for other earlier cases. Variables compared between cases and controls were smoking state, average intensity of exposure to crocidolite (fibres ()/ml), duration of crocidolite exposure (days), time since first exposure (years), year of birth, year of starting work (before 1950, 1950-6, after 1956), cumulative exposure to crocidolite and work site (mill only, mill and elsewhere (including mine and unknown), mine only, mine and elsewhere (not including mill), neither mine nor mill, and unknown.
Subjects
Smoking habit was categorised as that given on the questionnaire and was assumed not to change throughout the study. For ex-smokers it was therefore assumed that the time since they had last smoked was the time between giving up and the time of diagnosis of their disease or that of the matched case.
Statistical methods
The frequencies of the variables of interest in the matched sets of cases and controls were compared using conditional logistic regression analysis to estimate odds ratios by use of the computer program EGRET.' For tabular presentations, because cases were matched to sets of controls of varying sizes, variables were averaged across each control set before taking the overall average.
The odds ratio was taken to approximate the relative risk or rate ratio. Interaction odds ratios were also estimated to examine the goodness of fit of the multiplicative model to the data. A poor fit would be suggested by interaction odds ratios that were different from one; terms less than one showing that the relative effect of asbestos was less in smokers than non-smokers (or conversely, that the relative effect of smoking was less in those exposed to asbestos than those unexposed) and that the combined effects would be likely to be additive, with terms greater than one implying a combined effect that would be more than multiplicative, as for example in initial analyses of American insulation workers where no lung cancers occurred in non-smokers. 29 Other workers have generally expressed the relative risks of lung cancer for asbestos workers in terms of their cumulative exposure (the product of duration of exposure and level of exposure summed over all different jobs, sites, etc).'031 32 Although this may be an inappropriate measure from the theoretical point of view" and is certainly inappropriate for mesothelioma,38 analogous to the inappropriate use of pack-years of cigarette-smoking when assessing risk from tobacco,34 it has received widespread use and often appears to fit available data better than the separate terms. Accordingly, in this study, different measures of exposure were used in alternative models and the relative goodness of fit of these non-hierarchical models was assessed using differences in the residual deviance. 35 
Results

LUNG CANCER
There were 40 cases of lung cancer and 1799 matched controls. The mean duration of exposure to crocidolite for cases of lung cancer was nearly twice that of the control subjects (table 1) . The intensity of exposure to crocidolite and time since exposure did not appear to be different between the cases and controls. The proportion of subjects who had never smoked or who had stopped smoking more than 10 years before replying to the questionnaire was lower in the control subjects than in those with cancer, whereas the proportion of subjects who had recently stopped smoking or who continued to smoke was greater in the lung cancer cases than in the controls.
The relative risk associated with exposure to asbestos was slightly greater in smokers than in nonsmokers (table 2) . The larger effect of exposure to asbestos in smokers was not significantly different from previous findings of a likely multiplicative model, for which the relative effect of asbestos would be expected to be one.
When all the variables listed in table 1 were included in the same model the relative risk of lung cancer in the current smokers was roughly five (table  3) . This was slightly greater in heavier smokers. It rose to 13-9 in subjects who had stopped smoking within six years of the date of diagnosis of the index case and then fell to 7-2 in those who had stopped The only other significant effect was that for work site (p = 0 005) with the highest rates associated with work in the mine proper. Smoking had no Table 4 Asbestosis: asbestos and cigarette smoke exposure variables Cases Controls* (n = 66) (n = 2647) Crocidolite exposure state:
Mean duration (days) 1000 394
Mean intensity (f/ml) 35 25 Mean cumulative (f/ml-years) 71 
23
Mean time since first exposed (y) 25 26 Smoking status (%): Never smoked 21 21 Ex >lOy 21 19 Ex6-lOy 9 8 Ex <6y 11 6 Current <20/day 15 20 Current > 20/day 24 26 *Mean of the mean of each set of controls. The strong effect of site of work on incidence of asbestosis has been noted before' and is likely to be caused by the greater awareness of asbestosis and claims procedures among miners than among millers and also the possible prejudices of members of the Pneumoconiosis Board in regarding exposure outside the mine and mill as not being heavy.
One problem with this study is that only the smoking history obtained in 1979 was used for analysis and this did not allow for change in smoking habits thereafter. Given the comparatively short follow up this is unlikely to be a major problem. Loss to follow up was a serious problem in other studies of the Wittenoom cohort where the whole cohort of workers was included2' but for the cohort studied here, restricted to those traced and responding, no subject was lost to the end of 1986. It is unikely that the differences between responders and non-responders in the 1979 survey would include differences in their reaction to smoking or to exposure to asbestos.
This study has shown that the effect of crocidolite on the incidence of lung cancer multiplies that of smoking, a finding that is consistent with previous studies of exposure to 
